Abstract. The purpose of this article is to carry out a power-spectrum analysis of the SuperKamiokande five-day dataset that takes account of the asymmetry in the error estimates. Whereas for symmetrical error estimates the likelihood analysis involves a linear optimization procedure, for asymmetrical error estimates it involves a nonlinear optimization procedure. For most frequencies there is little difference between the power spectra derived from analyses of symmetrized error estimates and from asymmetrical error estimates, but this is not the case for the principal peak in the power spectrum at 9.43 yr −1 . A likelihood analysis that takes account of the error asymmetry leads to a peak with power 13.24 at that frequency, and a Monte Carlo analysis shows that there is a chance of only 0.1% of finding a peak this big or bigger in the search band 1 -36 yr −1 . From this perspective, power-spectrum analysis that takes account of asymmetry of the error estimates gives evidence for variability that is significant at the 99.9% level. We comment briefly on an apparent discrepancy between power-spectrum analyses of the Super-Kamiokande and SNO solar neutrino experiments.
Introduction
This article is concerned with the analysis of data from the Super-Kamiokande experiment (Fukuda et al., 2001 (Fukuda et al., , 2002 (Fukuda et al., , 2003 that have been organized in five-day bins (Yoo et al., 2003) . There have been several power-spectrum analyses of SuperKamiokande data (Milsztajn, 2003; Nakahata et al., 2003; Sturrock, 2003 Sturrock, , 2004 Yoo et al., 2003; Caldwell and Sturrock, 2005) . To clarify the relationship of these approaches, we have recently presented a sequence of power-spectrum analyses of the Super-Kamiokande five-day dataset (Sturrock et al., 2005) . The most prominent feature in the power spectra is a peak at 9.43 yr −1 . We found that the strength of this feature increases progressively as we take into account more of the experimental data. One of these analyses gives a power of 11.67 at 9.43 yr −1 . When we carry out 10 000 Monte Carlo simulations of the data, we find that only 74 simulations have this power or more in the frequency range 0 -50 yr −1 .
P.A. STURROCK AND J.D. SCARGLE
We comment briefly on the concept of "power," which is used extensively in this article. It is well known, from both the Bayesian (Bretthorst, 1988) and classical (Mardia, 1982) points of view, that a power spectrum can yield the probability distribution for the frequency of a putative sinusoidal signal. For the null hypothesis that a time series comprises a constant value with normally-distributed random measurement errors, the power given by the periodogram P(ω) (Schuster, 1905) normalized by the noise variance, S = P(ω)/σ 2 , is distributed exponentially. Hence, the probability of obtaining a value in the range S to S + dS at a specified frequency is e −S dS, and the probability of finding a power S or larger at a specified frequency is e −S . [For a discussion of issues related to the normalization and the effective number of independent frequencies in a given frequency band, see for instance Horne and Baliunas (1986) .] More complex analyses, such as the likelihood procedure used in this article, are typically designed so that the relevant null hypothesis yields the same exponential distribution of the power.
The available data for the Super-Kamiokande experiment (Yoo et al., 2003) gives, for each bin, timing data (start time, end time, and mean live time), and the following measurement data: a flux estimate, and upper and lower error estimates. The above-mentioned analyses (Koshio, 2003; Milsztajn, 2003; Nakahata, 2003; Sturrock, 2003 Sturrock, , 2004 Yoo et al., 2003; Sturrock et al., 2005) have involved the simplifying assumption that the probability distribution function (pdf ) for the flux is normal, so that the two error estimates are replaced by a single error estimate. However, the distribution cannot actually be normal, since that would assign nonzero probability to negative values of the flux. This consideration is important for the analysis of radiochemical solar neutrino data for which the error estimates are comparable with the flux estimates (Cleveland et al., 1998; Hampel et al., 1999; Vermul et al., 2002; Altmann et al., 2005) , but not so important for the analysis of Super-Kamiokande data, for which the mean of the error estimates is small (20%) in comparison with the mean flux estimate.
In this article, we re-analyze the Super-Kamiokande five-day dataset, retaining the distinction between the upper and lower error estimates. From the published data (Yoo et al., 2003) , we extract the flux g r , which we correct for the varying Sun-Earth distance, and the upper and lower error estimates σ ur and σ lr (all given in units of 10 6 cm −2 s −1 ). The bin number r runs from 1 to R(= 358). We show in Figure 1 the pairs of error estimates, normalized with respect to the mean flux (2.35× 10 6 cm −2 s −1 ). The mean value of σ ur /mean(g r ) is 0.21, and the mean value of σ lr /mean(g r ) is 0.18. The ratio σ ur /σ lr has a minimum value 1.07, a maximum value 1.46, and a mean value 1.182. There is no big difference between the upper and lower error estimates, so that one would not expect that it will make a huge difference to the resulting power spectrum if, for each bin, we replace the upper and lower error estimates by their mean value (which is the procedure used in prior analyses).
